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A.4

Cont inuinq support by C.N.R. has enabled the Southampton qzoup to

cont inue aroi develop their efforts in three areas in which they might

make a c Ia im to have been pioneers - t he i n s it u vibrational

spectroscopic study of e lect rodle-e lect rolIyt e interfaces, de a ilIed

invest gat ions of ultra microelectrodes and t he structure and

properties of polymers rapidly solidified from tir melts.

In the ri-port given below we brie-fly out line ciogrzess layin~g the

iedve sl emphss on the newest tesults. For a mn!. ceta; en

of the progress mace readers are referrec to; progress repc-,s 14arc

earlier.

B. Vibrational Spectroscopic Studies on -Electrode-Electrolyte Interfaces

Raman Spect roscopy of Elect rode-Electrolyte interfaces

We have already reported (31/03/19871 that we have succeeded in

obtaining enhanced Raman spectra from the interfaces between metal

overlayers ldeposit,-d on SERS active substrates) and electrolyte

solutions. The papers dealing with Pb, TI , Zu, Ni , CO and Cu on Ag

substrates have now appeared in print;

M. Fleischmann and Z.Q. Tian, The Effects of the Underpotential

and Overpotential Deposit ion and Lead and ThallIium on SilIver on

the Raman Spect ra of Adsorbates, J. Elect roanal . Chem. 217 119871

385.

N. Fleischmann, Z.Q. Tian and L.J. Li , Raman Spect roscopy of

Adsorbates on Thin Film Electrodes Deposited on Silver

Substrates, J. Electroanal Chem., 217 119871 397.-

M. Fleischmann and Z.Q. Tian, The Induct ion of SERS on Smooth Ag

by the Deposition of Ni and CO, J. elect roanal. Chem., 217 (1987) "d

411.

The paper dealing with Fe- ltiuin
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G. Mengoli, M.M. Musiani, M. Fleiscnmoni,, B.W. Mao and Z Q. T,a,

Enhanced Raman Scattering from Iron Electrodes, Electrochim. Acta

still in press.

A paper dealing with the interpretation of the spectra of octahedral

ions adsorbed at metal electrodes has been published in association

with the groups of Professor S. Pons (Salt Lake City, Utan) ano

Professor P.P. Schmidt (Oakland M~chigan):

S. Pons and M. Fleschmann, Theoretl ical Anayit 1 v:I,

Vibrational Spectra of Ferricyanioce and Ferrocyande Adsorbe I on

Metal Electrodes, J. Phys. Chem., 91 (1987) 5568.

The major new de :zment has been the observation of Near Infra Red

Fourier Transform Enhanced Spectra (NIFTERS) from silver electrodes.

The signal )ntensities already acnieved ar rcnFrable tn the highest

intensities which have been obtained for solid sac, Aes using near I.R.

fourier Transform Raman techniques. We believe that NIFTERS will

prove to be the method of choice for the measurement of Raman spectra

at electrode-solution interfaces.

X-Ray Diff-raction at Electrode Surfaces

The investigation of platinum-solution interfaces (covering changes in

structure due to changes in the double layer potential, oxide

formation, the adsorption of 'weakly adsorbed' hydrogen and the

adsorption of carbon monoxide) has now appeared in print:

M. Fleischmann and B.W. Mao, In-situ X-Ray Diffraction Studies cf

Pt Electrode-Solut ion Interfaces, J. Electroanal. Chem, 229

(1987) 125.

It has become apparent that the structural changes induced by the

adsorption of hydrogen could be assigned to the rstructur~ng of (110)

facets, an interpretation more closely in line with tte

electrochemical behaviour than the original explanat on. A short note

on this topic has been accepted for publication:
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Microelect ode Research

The investigation of the behaviour of systems in polar solvents in the

absence of support electrolytes and of measurements in solvents of low

dielectric constant in the presence of electrolytes has now appeared

in print:

M.J. Peria, M. Fleischmann and N. Garrard, Voltammetric

Measurements with Microelecttodes in Low Conductivit,' Systems, j.

EIecltoanal. Ciem., 220 i1987) 31.

A paper on the in situ determination of [ow concentrations of lead in

battery systems has been published:

L.J. Li, M. Fleischmann and L. Peter, In-situ Measurements of

rb
2+  

Concentration in the Lead-Acid Battery using Mercury

Ultramiroelectrodes, Electrochim. Acta, 32 11987) 1585.

The collaboration with Professor Pons' group on tne development of

research in this field has continued. The behavtour of microring and

microdisc electrodes has beer reexamined:

M. Fleischmann and S. Pons, The Behaviour of Micrortng and

Microdisk Electrods, J. Electroanal. Chem., 232 (1987) 107.

and time dependent processes (and other topics) at microdisc

electrodes have been discussed in some detail:

M. Fleischmann and S. Pons, Selected Theoretical Topics in (Eds)

M. Fleischmann, S. Pons, D.R. Rolison and P.P. Schmidt,

Uttramicroelectrodes, Datatech Systems Inc., Morganton N.C. 28655

- 0435 (1987) 17.

A new form of dropping mercury ulttamicroelectrodE has been devised;

the spherical geometry of this electrode greatly simplifies the

mathematical analysis of electrode processes (as compared to the use

of disc or ring electrodesl and, indeed, the solutions of many

problems have already been given in the lilerature (although for very

different conditions than thos which apply to the e!ectrodes of very

small size). A first paper oi this topic has been accepted 'or

publication in the Journal of Electroanalytical Chemistry.



M. F~eischmann and B.W. Mao, In-situ X-ray diff raction

measurements of the surface structure of Pt in the presence of

'wpakly' aasorbed H, J. Electroanal. Chem., in the press.

We have been able to demonstrate for the first time that compressed

commensurate monolayers of TI can be formed on Aa both by

unerpotential deposition and by the intrconverston of TI and TI I

monolayers. The formation of a second incommensura,e layer and of

highly ordered ovetpotent al deposits has also been monitored. A

paper coverinq this stuay and dealing also with related measuremenls

fot Ph and the Jepos,l on :n Au electrodes I ncluding the theor',cc!

nerpretation of diff raction ,ntensItes from t o-rie7,s;nal

arrays) has been accepted for publication:

M. Fleischmann and 5. Mao, In-situ X-ray diff ractron

investigations of the UPD of TI and P0 on Ag and Au elect rodes,

J. Electroanal. Chem., in the press.

Structural changes induced in poly films deposited on metal

electrodes (the emeraldmne-emeraldine transition and the

behaviour of iodine doped fiimsl have been investigated and a paper on

this subject has been submitted for publication:

M. Fleischmann, N. qarrard, B.W. Mao and G. Mengo], J.

Electroanal. Cherm.

The study of electrode solution interfaces by in-situ methods has been

reviewed and this paper has now been published:

M. Fleischmann, The Investigation of Electrooe-solu'ion

Interfaces by in-situ Methods.

The Robert A. Welch Foundation conferences on Chemical Research

XXX. Advances in Electrochemistry (1987) 91.

Much of the instrumentation has been redesigned during the present

period in preparation for the inittation of a new range of

investigations.



Work on electrocrystallisition processes hab continued.

Investilq tions of nucleation are rfetred t in the next section.

SLocn. ,tic Processes

The major effort during this period has been the study of

electrocrystalhsat ion processes on microelecrrodes and especially of

those reactions which are important to the opetAtion of the lead-acid

battery. by using a sufficiently small substrate it is possible lo

restrict nucleation to that of a sincie growth centre (an ever. smaller

microelectrode) which qce.tly simplAf~es t2 e interpietat ion of tte

data. The arrival time aistributions of the first nucleus (in

ensembles of repeated experiments) is determined by the kinetics of

formation of the ft~st nucleus i.e. we have access to the kinetics of

formation of a miicrnel--odo of molecular dimensions. Details of

this work were reported at the Elecrochemical Soctet, Meeting in

Philadelphia, May 1987 and in a paper presented at the Second Workshop

in Interface Phenomena, Compobellow International Park, August 1987

which is due to be published by Springer Verlag:

M. Fleischmann, Electrochemical Processes in Small Systems, in

K the press.

This paper also contains a short survey of the application of in-situ

techniques. Full details of the work on electrocrystallisation and

especially that on nucleation are contained in two papers which will

be submitted shortly for publication.

The papers on pore formation in lipid bilayers referred to in the last

report are also attached.

Interest has contLinued on electrochemical studies on identified

crystal faces. Thus, an tnvestigation has been completed on the

Oxidation of formic acid over Pt(100) + Pt (111, surfaces both in-situ

in sulphuric acid as electrolyte-

S.G. Sun, H. Halavikir and A. bewick, J. Electroanal. Chem. (in

press).

9'



Whilst an extension to formaldehyde in alkaline support ng

electrolytes using EMIRS has also been presented for publicat on M.

Aurinac-lvie, R.R. Adjic, A. bewick and M. Fazaq, J. Elect roana.

Chem. (in press).

The use of isot opic mixture. .- frequent ly ir,..uab!c in expladin,

EMIRS and related spectra and an example of this approach is also

available which serves to define the state or progress at this time.

The system involved was CO and Pt

A. bewick, M. Razaq and J.W. Russell, J. Elec'roanal. Chem. (in

press).

Studies on electrode surfaces using infrared r-thods have been

considerably extended at Southampton thanks to dhe purchase of Eruker

F.T.I.R. system (using funds derived from the Sc en-e and Engineering

Research Council) and the designconstruct ion cr:d development of new

sample cell systems. The latest, sophisticiled technology has

improved the quality of the spectra avilable and h,,nce the rigour in

the analysis available. The subject has been rev owed recently:

A. ewick, M. Kalaji, A.C.S. Summer Svsi). Sertes 288 Cat.

Charact. Sciences 550 1986 (20).

Thus, a successful study has been completed on hydrogen evolution over

platinum where particular attention has been [aid to the adsorbed

intermediates.

R.J. Nichols and A. bewick, J. Electroanal. Chem. (in press)

Polymer Processing and Properties

The Southampton group is continuing at high intensity its research

into the structure and properties of solids produced by qucnching

melts of polyolefins. The consequent high supercooling levels (and

hence low values of the crystallizat ion temps.) causes these materials

, , ,m mmmm . m ~ mmd • mlmmm l II -I I



t have 'odd' properties but, of course, propert is typ-Ial of

commercially processed products. It is worth emphasising n this

repoz t t n-t a I I ndust r aI ly proc,ssed polymers ar e quenchL-cool t t I Cm

the melt. This proqramme has Itd to a lonq ser ies of pub! cat ions ot

h~ch only the most recent are reviewed here. urtiiet work has beer,

concentrated on the processes that occur dur ing piast ,," jiformat on

wherein it has been demonstrated that very few chains rpTuie dut irq

the re-oiqar ot on of spl-zUl )it c materials into t rl) . ]Q" spt(il(S

but that chains do rupture when or ented firy i 1 .lu mater ia is itse, lf

further ieformcd by stretching.

P.3. Fiendra. C. Hammond, 5. Latoz and I!.A. Wi I is, Polymer 1985

29, 49-53.

and

P.J. Hendra, A.J. Peacock ana t.A. Willi, i olvmer 1987, 28, 705.

and

C. Passingham, P.J. Hendra, M.E.A. Cudby , N1. Zichy, Polymer 5-E-8

1988 (in press).

A bye product of Lbrs research has been an interest in the structure

of flowing polymer melts. Flowing melts have been examined by X-ray

diffract ton.

M.A. Taylor, P.J. Hendra and l.A. W1 I lis. J. Pol. Sci. Pal

Letts. 1986, 24, 83.

by infrared and Raman methods (See earlier report and Ph.D. Thesis

Southampton L. Hanna 1988) from which it is clear th3i little or no

orientation is to be found in a sheared melt. 11. origir *

molecular level of die swell thus become obscure and is the subject of

study at this time.



The techniques "equired to make opt -cal me sutement s in host i I,
-

enrv ronment 5 - , :h as those Olt-,s5 t ibid abov*, have bten ext Cisve l!

lve Iope . Ir part icular, 1 I-w use f op i ca I f ibir , ih . amar,

spte->'.oscopy has been hiqhly rutful and the i1-hnology r, nlw at in

,t ±, that it can be used rout ine y.

P.J. ,.,,ra, G. El I is and D. ute , .. Rama , Sp tio copy (it

pres>,

iat i Pa rspct 'oscopy suppol 1 ed by NY11 measut ement , have oii.

app lied for some years to a vai ety of rblen- n polymer analvsc,

tone latest ouTcome beir, q an ,rv(st '911 )1, into the moIe 'ult I . -

structure f ,near- luow-dens , i 'Y poyI- I lenes and the r o' (,s

structure plays in cortirolirt Ihe prccrt Ies of some cry.sta i

Sood pt _ _ced from t her me! t s.

P.J. Henora, A.J. Peac- k an. .. '..., ls, Poy,:--r 1988

pressi.

The importance of the ONR support e relat Ivel y smal I polymer

group is perhaps ind icated best by . act that at the I me this

report is being written, no less than t postqraauate en]oying whole

or part ial support for the contract ha' been successfully examined

for their Ph.D. degrees with the last 1, -onths. Mu-h of the work in

the theses will be further progressed anil reported in future progress

r epor t s.

Very recently, preliminary work was completed on the developmen of

Fourier Transform Raman methods and this has been ment ioned in earlier

sections. The method is under ittensive development at Southampton in

collaboration with the Perkin Elmer Company who delivered an early

prototype spectrometer to Southampton early in August 1988. Little of

this work was prepared for publication during the report period but a

whole series of paper has been produced immediately after September

1987. Again, the O.N.R. funding was crucial in that it permitted the

Raman group to Lindertake speculative preliminary work when it was most

opertune (during the winter of 1986-1987).

1-



D. CONCLUSION

A v.z 7 considerable number of pub I cat ;oris have bet-n pi aducel . 
as a

rest It of t tie research funded undtr this contact . Th. funds hjv':', s ,o

been used to support 3 large number of postgraduate students wit h me ,-

Oenefta ! esults. Furi her, the very prel imnarv w;rk cn Ih,-

development and exploitat ion of Fourier Transform Raman. methods ma-m

possible Dy the O.N.R. support has Ilrd (under a new cont act, ', in

ncred bly rapid development of the method and the construct Ion an:

refinement of probably the most sophist ic-tted aJ,d htghest perfrmalce

Four ier Transform Spectrometers current ly in existance.


